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Abstract

Background—Persons with end-stage renal disease (ESRD) on hemodialysis carry an

exceptionally high burden of cardiovascular disease. Angiotensin-converting enzyme inhibitors

(ACEIs) are recommended for patients on dialysis, but there are few data regarding their

effectiveness in ESRD.

Methods—We conducted a secondary analysis of results of the HEMO study, a randomized trial

of dialysis dose and membrane flux in patients on maintenance hemodialysis. We focused on the

nonrandomized exposure of ACEI use, using proportional hazards regression and a propensity

score analysis. The primary outcome was all-cause mortality. Secondary outcomes examined in

the present analysis were cardiovascular hospitalization, heart failure hospitalization, and the

composite outcomes of death or cardiovascular hospitalization and death or heart failure

hospitalization.

Results—In multivariable-adjusted analyses, there were no significant associations among ACEI

use and mortality (hazard ratio 0.97, 95% CI 0.82–1.14), cardiovascular hospitalization, and either

composite outcome. Angiotensin-converting enzyme inhibitor use was associated with a higher

risk of heart failure hospitalization (hazard ratio 1.41, 95% CI 1.11–1.80). In the propensity score–
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matched cohort, ACEI use was not significantly associated with any outcomes, including heart

failure hospitalization.

Conclusions—In a well-characterized cohort of patients on maintenance hemodialysis, ACEI

use was not significantly associated with mortality or cardiovascular morbidity. The higher risk of

heart failure hospitalization associated with ACEI use may not only reflect residual confounding

but also highlights gaps in evidence when applying treatments proven effective in the general

population to patients with ESRD. Our results underscore the need for definitive trials in ESRD to

inform the treatment of cardiovascular disease.

Angiotensin-converting enzyme inhibitors (ACEIs) have been shown to reduce mortality

and cardiovascular morbidity in a variety of clinical scenarios, such as postacute myocardial

infarction or in patients with heart failure or left ventricular dysfunction.1–3 Persons with

end-stage renal disease (ESRD) on dialysis carry an exceptionally high burden of

cardiovascular disease, with 45% of all deaths attributed to cardiovascular causes.4 Although

current national clinical practice guidelines5 recommend the use of ACEIs in patients on

maintenance dialysis, there are few data regarding their effectiveness for cardiovascular

disease prevention in this population because randomized clinical trials of ACEIs

systematically excluded patients with ESRD.

Given the uncertainty surrounding the effectiveness of ACEIs in patients on maintenance

hemodialysis, we conducted a secondary analysis of data from the HEMO study.6 The

HEMO study data have several advantages over previous observational studies, in that the

data contain exceptionally detailed clinical information, allowing for improved case-mix

adjustment, and clinical outcomes were rigorously adjudicated using standardized criteria

rather than determined by administrative codes. We hypothesized that subjects receiving

ACEIs at study entry would have lower risks of mortality and cardiovascular morbidity

compared with subjects who did not receive this class of medication.

Methods

Study population

Details of the HEMO study protocol have been published previously.6,7 Briefly, the HEMO

study was a randomized clinical trial of 1,846 prevalent hemodialysis patients between 18

and 80 years old from 15 US clinical centers composed of 72 dialysis units. Subjects were

enrolled between March 1995 and October 2000 and randomly assigned in a 2 × 2 factorial

design to standard or high equilibrated Kt/V urea and low- or high-flux dialyzers. Subjects

were followed up until death or the administrative end of study (December 2001). When

studying the end point of death, we censored subjects at time of kidney transplant only

because the HEMO study continued to collect survival information even after transfer to a

nonparticipating clinical center. However, when studying end points that included

hospitalization, we censored subjects at the time of kidney transplant and transfer to a

nonparticipating clinical center because information regarding hospitalization was not

collected after patient transfer to nonparticipating clinical centers in the HEMO study.
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Medication use

In the HEMO study, use of the following classes of medications was ascertained from the

hemodialysis chart or from the patient: ACEIs, angiotensin II receptor blockers (ARBs), β-

blockers, calcium-channel blockers, α-1 antagonists (eg, terazosin), minoxidil, adrenergic

stimulants (eg, clonidine), erythropoietin, aspirin, warfarin, nitrates, and vitamin D

replacement (either oral or intravenous). Dose was not recorded. Although both ARBs and

ACEIs inhibit the renin-angiotensin-aldosterone system, these 2 classes of medications may

have different associations with outcomes. We were unable to analyze ARB users separately

because very few subjects were using ARBs at the time of the HEMO study (n = 26). We,

therefore, excluded subjects taking ARBs at study entry for our primary analyses (final total

n = 1820). We conducted additional sensitivity analyses that included the 26 subjects who

were using ARBs along with ACEI users in the analysis.

Outcomes

Our primary outcome of interest was all-cause mortality. We also examined the association

of ACEI use with hospitalization. Specifically, we examined cardiovascular hospitalization

(defined as hospitalization for ischemic heart disease, heart failure, arrhythmias, other

cardiac conditions, hypertension, and peripheral vascular disease). Given the particular

indication of ACEIs for the treatment of heart failure,2,8,9 we examined heart failure

hospitalization separately. To account for issues of competing risks, we analyzed the

composite outcomes of all-cause mortality or cardiovascular hospitalization and all-cause

mortality or heart failure hospitalization. We conducted an additional sensitivity analysis

that excluded heart failure hospitalization from cardiovascular hospitalizations.

All deaths were reported to the data coordinating center within 6 weeks of the event, and the

cause of death was adjudicated by the outcomes committee after review of the medical

records. All hospitalizations were reported to the data coordinating center within 2 weeks of

the event, and assignments of causes of hospitalization were based on review of the

discharge summary and/or telephone call to the attending physician.

Statistical methods

Baseline characteristics for the cohort are described as mean (SD) for continuous variables

or as frequencies for categorical variables. We compared differences between groups by

baseline ACEI use using the Student t test or χ2 test as appropriate. We also reported

standardized differences among ACEI users and ACEI nonusers. Standardized differences

for continuous variables are calculated by taking the difference in means between ACEI

users and ACEI nonusers for a given variable and dividing it by the average SD for the 2

groups; standardized differences for dichotomous variables are calculated in an analogous

manner.10 It has been suggested that a standardized difference of >10% represents

meaningful imbalance between treatment groups.10,11

We analyzed the association of ACEI use with all-cause mortality using bivariable- and

multivariable-adjusted Cox proportional hazards regression. In multivariable-adjusted

models we included the following covariates assessed at study entry: age; sex; race (black vs

nonblack); years on dialysis (in quartiles); residual urea clearance adjusted for total body
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water (in tertiles); marital status (married or partnered vs not); Quetélet (body mass) index

(kg/m2); serum potassium (mmol/L); serum albumin (g/dL); predialysis systolic blood

pressure (mm Hg, as a linear and quadratic term); whether the patient had been sick in the

week before the visit (yes vs no); and the following comorbid conditions (present vs absent):

ischemic heart disease, arrhythmias, heart failure, other cardiac disease, diabetes mellitus,

cerebrovascular disease, peripheral vascular disease, musculoskeletal disease, nonvascular

nervous system disease, gastrointestinal disease, hepatic disease, ophthalmological disease,

and malignancy. We adjusted for baseline use of the following classes of medications: β-

blockers, calcium-channel blockers, minoxidil, adrenergic stimulants, nitrates, aspirin, and

warfarin use. We chose these covariates because several were shown to be significant

independent predictors of mortality in the HEMO study,6 whereas others were significantly

(P < .1) associated with ACEI use and/or outcomes. All analyses were stratified by clinical

center to account for potential differences in baseline hazard functions in different clinical

centers.

We tested for effect modification by including a multiplicative interaction term with ACEI

use by age (dichotomized at the median of 60 years); race (black vs nonblack); and a history

of heart failure, diabetes mellitus, or ischemic heart disease.

To minimize potential confounding by indication given the nonrandomized nature of our

analysis, we also conducted a companion propensity score analysis.12 We used logistic

regression to calculate the probability of ACEI use vs ACEI nonuse at study entry using the

same variables included in the multivariable-adjusted models. Our propensity score had a

concordance statistic (corresponding to the area under the receiver operating characteristic

curve) of 0.703. We used a greedy match algorithm13 to pair ACEI users with ACEI

nonusers in a 1:1 ratio whose difference in propensity score was <0.03, as has been done

previously.14 To avoid the center effect, we only matched subjects who were within the

same clinical center. We were able to match 408 ACEI users (89.1%) to 408 ACEI nonusers

using this algorithm. We also conducted Cox proportional hazards regression in the

propensity score–matched cohort, including an adjustment for age, sex, and race. To account

for matching, we stratified the analysis by matched pairs.

We tested the proportionality assumption with log-negative-log plots. We calculated hazard

ratios (HRs) and 95% CI from model parameter estimates and SEs, respectively. We

considered 2-tailed P values <.05 statistically significant. All analyses were conducted with

SAS Enterprise Guide 4.2 (Cary, NC).

Dr Chang was supported by an American Heart Association fellowship award; Dr Chertow

was supported by NIH K24 DK085446. The authors are solely responsible for the design

and conduct of this study, all study analyses, the drafting and editing of the manuscript, and

its final contents.

Results

At study entry, 458 subjects (25.2%) were using ACEIs. In the unmatched sample, 12 of the

31 covariates had standardized differences that exceeded 10% (Table I). Angiotensin-
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converting enzyme inhibitor users tended to be younger; had a higher prevalence of heart

failure, diabetes mellitus, and musculoskeletal disease; and were more often sick in the week

previous to the baseline visit. Angiotensin-converting enzyme inhibitor users also had higher

predialysis systolic blood pressure, higher baseline serum potassium, and slightly more

residual kidney function. After propensity score matching, standardized differences in the

matched cohort were all <6% (Table I).

During a median of 2.5 years (interquartile range 1.3–4.3) of follow-up, there were 866

deaths. Nine hundred fifty-two subjects reached the end point of cardiovascular

hospitalizations, and 362 subjects reached the end point of heart failure hospitalizations in

the unmatched cohort. Using bivariable- and multivariable-adjusted Cox proportional

hazards regression, we found no significant association of ACEI use with all-cause

mortality, cardiovascular hospitalization, or with the composite end point of death or

cardiovascular hospitalization (Figure 1A and B). However, ACEI use was associated with a

48% (95% CI 18%–86%) higher risk of heart failure hospitalization, which persisted even

after multivariable adjustment. Age; race; or a prior history of heart failure, diabetes

mellitus, or ischemic heart disease did not modify the association of ACEI use and heart

failure hospitalization or any of the other outcomes investigated (P interaction >.05 in all

cases).

In the propensity score–matched cohort, there were 409 deaths; 446 subjects reached the end

point of cardiovascular hospitalizations, and 188 subjects reached the end point of heart

failure hospitalizations. Similar to results from the unmatched cohort, ACEI use was not

significantly associated with any of the clinical outcomes in the propensity score–matched

cohort (Figure 1A and B). Notably, the association of ACEI use with higher risk of heart

failure hospitalization no longer met statistical significance.

Our results did not materially change in sensitivity analyses that included ARB users along

with ACEI users (data not shown). Analyses of cardiovascular hospitalizations that excluded

heart failure hospitalizations showed no significant association with ACEI use in the

unmatched and matched cohorts (data not shown).

Discussion

Our analysis demonstrated that, in a well-characterized cohort of patients on maintenance

hemodialysis, ACEI use was not significantly associated with mortality or cardiovascular

hospitalization. Our results are generally consistent with several previous retrospective

cohort studies that used data from the United States Renal Data System.15–20 The major

strength of our present analysis is that, in contrast to the previous studies, the carefully

collected data in the HEMO study allowed us to improve our case-mix adjustment and

classification of clinical outcomes.

Our results contrast with 2 studies in patients on maintenance dialysis showing an

association between ACEI and lower mortality. Winkelmayer et al21 showed that ACEI use

and ARB use were associated with a 30% (95% CI 2%–50%) reduction in 1-year mortality.

Similarly, Berger et al22 demonstrated a 42% (95% CI 23%–58%) lower risk of 30-day
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mortality associated with ACEI use; longer term follow-up in this cohort has not been

published. However, both of these studies differed from the present analysis in that they

were conducted in patients who had recently experienced an acute myocardial infarction.

Moreover, the study by Winkelmayer et al was conducted in low-income elderly patients

who had an exceptionally high 1-year mortality of 63.6%. By comparison, the 1-year

mortality in the HEMO study was 16.6%.6

Our results are consistent with the only placebo-controlled, randomized trial of ACEIs in

patients on hemodialysis examining cardiovascular events whose results have been

published to date.23 The FOSIDIAL study randomized 397 patients on maintenance

hemodialysis with left ventricular hypertrophy to receive fosinopril or placebo for 2 years.

Treatment with fosinopril did not significantly change the composite outcome of

cardiovascular death or cardiovascular events (HR 0.93, 95% CI 0.68–1.26). However, as

the FOSIDIAL authors acknowledged, the trial was underpowered because the actual event

rate of 32.7% was much lower than the anticipated event rate of 50% over 2 years of follow-

up.

We found an increased risk of heart failure hospitalization associated with ACEI use in the

unmatched cohort. Our results contrast with previous studies using data from the United

States Renal Data System showing no significant association of ACEI use with heart failure

hospitalization.19,24 Given the reported beneficial effects of ACEIs in ESRD on regression

of left ventricular hypertrophy25 and reduced vascular stiffness,26 we suspect that these

results could have either arisen from chance because we did not adjust for multiple

comparisons or from residual confounding not addressed by multivariable adjustment.

Notably, analyses with the propensity score–matched cohort did not show a statistically

significant association of ACEI use with heart failure hospitalization, although the effect

estimates were similar to the unmatched cohort. Propensity score matching may have better

accounted for residual confounding, but the lack of statistical significance could also be

attributed to the slightly smaller sample size and number of events contained within the

matched cohort.

Current clinical guidelines recommend ACEIs and ARBs interchangeably for patients on

hemodialysis.5 However, ARBs are not removed by hemodialysis, whereas most ACEIs are

removed to a variable extent27; and there is evidence that these 2 classes of medications may

have different effects on clinical outcomes. In a recent analysis of data from the Dialysis

Outcomes and Practice Patterns Study,28 ARB use was associated with a lower risk of all-

cause mortality compared with patients not taking ARBs (relative risk 0.93, P = .05); but no

significant association with mortality was seen with ACEI use (relative risk 1.00, P = .89).

In a recent randomized clinical trial, Cice et al29 showed that among patients on

maintenance hemodialysis with low ejection fraction and clinical heart failure, treatment

with an ARB versus placebo in addition to an ACEI-based medication regimen reduced all-

cause mortality by 49% (95% CI 18%–68%). In the HEMO study, very few subjects were

taking ARBs at study entry, precluding separate analyses for these subjects, with or without

concomitant ACEIs.
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The HEMO study data had many advantages over other cohorts used in previous

observational analyses, but there were also several limitations. First, as with any

observational study of comparative effectiveness, subjects were not randomly assigned to

receive ACEIs or not. Therefore, despite our use of multivariable adjustment and propensity

score–matching techniques to reduce confounding by indication, unmeasured factors could

still result in residual confounding. Second, because we did not have detailed information on

when medications were initiated or discontinued, we could not analyze longitudinal

medication use and were unable to construct a “new user” cohort.30 By analyzing prevalent

ACEI users, we could not adjust for subjects’ characteristics at the time of ACEI initiation.

Third, we did not have information on doses or individual medications within each class,

although we would not expect substantial differences between specific types of ACEIs on

clinical outcomes. Finally, although the HEMO study cohort appears similar to the US

prevalent hemodialysis population in most measured characteristics, the generalizability of

the HEMO study data might be restricted by its nature as a randomized clinical trial.

In summary, our analysis did not demonstrate an association of ACEI use with

cardiovascular morbidity and mortality. Given the observational nature of our analysis, our

results should not be used as justification for withholding of treatment with ACEIs in ESRD.

Rather, our analysis highlights gaps in the evidence when applying treatment strategies

effective in the non-ESRD population to patients on maintenance hemodialysis. Our results

also underscore the need for definitive randomized clinical trials in patients on dialysis to

inform the treatment of hypertension and other cardiovascular diseases.
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Figure 1.
A and B, Forest plots showing the association of ACEI use versus ACEI nonuse on clinical

outcomes in the unmatched and propensity score–matched cohorts. Values shown are HRs

(95% CIs). A, Results from unadjusted analyses. B, Results in the unmatched cohort

adjusted for age; sex; race (black vs nonblack); years on dialysis (in quartiles); residual urea

clearance adjusted for total body water (in tertiles); marital status (married or partnered vs

not); Quetélet (body mass) index (kg/m2); serum potassium (mmol/L); serum albumin (g/

dL); predialysis systolic blood pressure (mm Hg, as a linear and quadratic term); whether the

patient had been sick in the week before the visit; ischemic heart disease; arrhythmias; heart
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failure; other cardiac disease; diabetes mellitus; cerebrovascular disease; peripheral vascular

disease; musculoskeletal disease; nonvascular nervous system disease; gastrointestinal

disease; hepatic disease; ophthalmological disease; malignancy; and baseline use of β-

blockers, calcium-channel blockers, minoxidil, adrenergic stimulants, nitrates, aspirin, and

warfarin use. In the propensity score–matched cohort, results were adjusted for age, sex, and

black race. HOSP, Hospitalization. Cardiovascular hospitalization includes ischemic heart

disease, heart failure, arrhythmia, other cardiac conditions, hypertension, and peripheral

vascular disease.
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